Rationale: About 50% of patients with a diagnosis of nonsmall cell lung carcinoma exhibit metastatic disease at the time of diagnosis. The preferential sites of extrapulmonary spread are the lymph nodes, liver, brain, adrenal glands, and bones; gastrointestinal tract perforation secondary to metastatic lung cancer is extremely rare.
Introduction
About 50% of patients with a diagnosis of nonsmall cell lung carcinoma exhibit metastatis at the time of diagnosis. The preferential sites of extra pulmonary spread are the lymph nodes, liver, brain, adrenal glands, and bones. [1] Gastrointestinal metastases are really rare. [2] We report a case of patient who presented with acute abdomen due to small bowel perforation from lung cancer metastasis, a very rare complication in the natural history of this cancer.
Case presentation
A 60-year-old male nonsmoker patient presented with a 20-day history of facial, neck, right upper limb edema. Physical examination revealed a 3.5 cm mass on his right chest. Computed tomography (CT) revealed a 4 cm mass near the right lung hilum. Besides, retroperitoneal lymphadenopathy, pericardial effusion, metastases in the mediastinum, bilateral adrenal gland, and right thoracic wall nodule, as well as multiple bone metastases were also found (Fig. 1) . The fecal examination for occult blood had strongly positive results, while no obvious tumor or perforation was found in the abdominal CT examination. Biopsy of the right thoracic wall nodule metastases showed low differentiated lung adenocarcinoma (Fig. 2) . Therefore, the patient was treated with pemetrexed and nedaplatin for chemotherapy. One week later, he experienced a sudden acute abdominal pain, which was considered to be acute peritonitis. Abdominal CT scan revealed free air and massive ascites in the peritoneal cavity (Fig. 3) . Although the site of perforation was not identified, he was diagnosed with acute peritonitis with gastrointestinal perforation, and underwent emergency surgery. During the surgical procedure, a large amount of dirty ascites was found. Hyperemia and edema were noted in the small intestinal wall, and pus adhesion was noted in the omentum and small intestine surface. Many grey nodules were noted in the mesentery. Moreover, 2 perforations of size 1Â1 cm 2 were discovered at 110 cm and 140 cm of the jejunum from Treitz's ligament, and 2 other suspicious perforations of the serous membrane were noted at about 90 cm and 160 cm inside the jejunum from the Treitz's ligament. Hence, an intestinal resection of approximately 70 cm and end-to-end anastomosis were performed. The pathological diagnosis of the resected specimen indicated a metastatic lung adenocarcinoma of small intestine (Fig. 2) . Immunohistochemical analysis showed that the tumor cells were positive for CK7 and TTF-1, indicating a metastasis from primary lung carcinoma. Unfortunately, the patient died 10 days after surgery and 19 days following the cancer diagnosis, due to septic shock. Written informed consent was obtained from the patient's family for the publication of this case report and accompanying images.
Discussion
Lung cancer is the most common cancer in the world, accounting for 19.4% of all the cancer-related deaths. [3] Besides, lung cancer has a high rate of metastasis. The most common metastatic sites are the other lung (50%), liver (37%), adrenal gland (31%), bone (29%), kidneys (18%), and brain (12%). [1] Furthermore, in various reports, the incidence of gastrointestinal metastasis has been reported to be as low as 0.2% to 1.7%. [2, [4] [5] [6] [7] Autopsy studies reveal higher rates of metastatic disease. [4] According to several autopsy studies, gastrointestinal metastasis of primary lung cancer occurs in 4.7% to 14.0% of all cases. [8, 9] Metastatic lung cancer has been known to be highly malignant, and has been noted to have spread to any location, from the oral cavity to the anus. [10] Liu et al [11] reported that in the 64 documented cases, 57 patients displayed metastasis. The jejunum was the most common site, as noted in 50.9% (29/57) of patients, followed by the ileum, in 33.3% (19/57), and the duodenum, in 15.8% (9/57). The general route of gastrointestinal metastasis has been thought to be hematogenous metastasis through the spinal veins or lymphogenous metastasis, from the mediastinum through the retroperitoneum and mesentery. [12] Small bowel metastasis may occur in every cell type of primary lung cancer. Immunohistochemical staining of the tissue is useful in streamlining the diagnosis. [13] All adenocarcinomas including lung adenocarcinoma do not express TTF-1; therefore, TTF-1 is an important marker for distinguishing primary adenocarcinoma from metastatic adenocarcinoma. [14] Nevertheless, Antler et al [9] reported that squamous cell and undifferentiated large cell carcinomas lead to gastrointestinal metastasis more frequently than other histological types. McNeil et al [8] and Yoshimoto et al [4] also showed that large cell carcinoma was the more frequent histological type. However, in contrast, Garwood et al [15] reported that small bowel perforations were most often caused by adenocarcinoma (23.7%), squamous cell carcinoma (22.7%), large cell carcinoma (20.6%), and small cell carcinoma (19.6%). Therefore, the histological type predominantly associated with gastrointestinal metastasis is still not clear. The prevalence of small bowel perforation secondary to a given primary lung carcinoma histology may varied by region.
Metastatic intestinal tumors from lung cancer present with various symptoms. In one study, metastasis presented as perforation (46%), obstruction (35%), and gastrointestinal bleeding (16%). [16] Besides these, bowel perforation is one of the commonly reported acute complications. [17] Previous studies Figure 3 . Abdominal computed tomography scans: free intraperitoneal gas is seen. have also reported that the small bowel is the most common gastrointestinal metastatic site of lung cancer. [15, 18] The incidence of metastatic intestinal tumors from lung cancer is higher in men than in women, and at a mean age of 64.5 years. [23] The prognosis of tumor in this location is worse than that in other locations, [15, 18] and emergency surgery has been described as treatment option, especially in small bowel lesions, to prevent further complications. However, the prognosis is still considered to be very poor; in one study, the cumulative survival rate for perforation was about 1.7 months. [24] The 1-year survival rate in patients who underwent surgery for the perforation was 12%. [24] In the present case, the patient died about 10 days after surgery due to septic shock. This may be due to the fact that small bowel metastasis is typically associated with widespread disease. Stenbygaard et al [1] reported that gastrointestinal metastases are typically observed in other widely metastatic disease. In the present study, intraoperative findings showed multiple metastatic nodules in the mesentery, and the cause of mortality therefore was thought to be the following: first, patients with advanced lung cancer accompanied by cardiopulmonary function based state poorer; second, patients who undergo septic shock before the operation, with severe abdominal infection; third, patients with superior vena cava pressure, which causes upper limb, facial, and brain edema; And finally, patients receiving assisted breathing through breathing machines in the intensive care unit after operation, who have a high risk of pulmonary infection. So, the patient's death was possibly caused by the comprehensive factors. The possible mechanisms responsible for his perforation may have been ischemia of the intestinal wall resulting from a blood or tumor thrombus, the necrosis of the intestinal wall, as a result of chemotherapy, etc. [19] Previous studies have reported chemotherapy-induced small intestinal perforation as a complication of treatment for lung cancer. [20] According to this case, chemotherapy-induced necrosis of metastatic tumors may lead to small bowel perforation.
When lung cancer patients with gastrointestinal metastasis exhibit an acute abdomen, abdominal CT has a high value in diagnosing gastrointestinal metastases, and surgical intervention is required. Laparoscopic surgery has not only the advantages of less trauma, less blood loss and quicker recovery, but also has a huge diagnostic potential. Due to the unclear clinical symptoms in some patients with small bowel metastases, early diagnosis and treatment are difficult and an important matter. Therefore, prolonging a patient's life with positron emission computed tomography is thought to be possible, [21] and capsule endoscopy has the capability of providing visual images of the bowel. [22] These examinations can provide help in identifying the presence of small intestinal metastasis when a patient with positive on occult-blood tests.
Conclusion
In short, we experienced a rare case of multiple perforation of a small bowel metastatic tumor caused by lung cancer. This case indicates that metastasis to the gastrointestinal tract should be considered as a differential diagnosis. To our knowledge, the prognosis of metastatic intestinal tumors from lung cancer is very poor, and the survival rate is extremely low. Therefore, when patients with advanced lung cancer develop an acute abdomen or if the fecal occult-blood tests show persistently positive results, it is necessary to keep in mind the possibility of a gastrointestinal metastatic tumor.
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